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1.  The  Problem  Studied 

The  purpose  of  this  research  was  to  study  the  applicability  of  the  theory  of 
Software  Science  in  managing  the  development  of  COBOL  programs.  Since 
Software  Science  was  a  theory  in  its  infancy,  we  hoped  that  through  this  study 
we  could  obtain  evidences  supporting  the  theory  or  make  refinements  to  the 
theory. 

2.  Summary  of  Important  Results 

During  the  contract  period  we  have  developed  an  analv/.er  for  COBOL  pro¬ 
grams,  gained  additional  insight  in  modularized  program  development,  and 
discovered  the  limitations  on  the  language  level  hypothesis  or  Software  Science. 
These  three  accomplishments  arc  described  below. 

2.1.  The  COBOL  Analyzer 

The  necessary  tool  for  systematically  studying  COBOL  program?  is  an 
automatic  analyzer.  It  was  completed  in  early  1900.  Vie  used  it  to  analyze  a 
variety  of  programs  and  the  preliminary  results  were  reported  in  [  1 J  The  major 
findings  were  that  the  Software  Science  length  equation  works  as  well  in  COBOL 
programs  as  in  other  languages  previously  analyzed,  that  the  effort  equation 
appeared  to  work  for  one  single-programmer,  single-module  program;  and  that 
the  language  level  equation  did  not  provide  stable  results.  To  date  the  analyzer 
has  been  distributed  to  the  following  institutions  for  research  purposes: 

AIKjVIICS 

The  Ohio  State  University 

Jet  Propulsion  Laboratory 

Cineoin,  Inc. 

The  University  of  Trondheim,  Norway 

Mr.  Wilhem  Otnes  of  the  University  of  Trondheim  has  conducted  an  ela¬ 
borate  experiment  using,  the  COBOL  analyzer,  lie  wrote  a  report  which  generally 
confirmed  our  finding.-!  jdj. 
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2.2.  Modularity  Factors  in  Effort  Kstimation 

Effective  software  management  requires  accurate  estimation  of  the  pro¬ 
gramming  effort.  The  "linos  of  code"  measure,  the  "cyelomatic  complexity” 
measure,  and  the  "effort"  measure  of  Software  Science  have  all  been  proposed 
to  be  important  factors  in  programming  effort  estimation.  We  have  conducted 
experiments  which  showed  th.it  neither  measure  was  adequate  in  estimating 
effort  for  single-programmer,  multi-module  programs  unless  the  modularization 
and  modulo-interconnection  factors  were  included  |3j.  This  important  extension 
of  the  Software  Science  theory  has  yielded  two  publications  '/:,b|.  A  third  report 
on  the  research  has  been  submitted  [Gj. 

2.3.  Hie  Language  Level 

A  hypothesis  of  Software  Science  is  that  the  power  of  a  programming 
language  can  be  quantified  by  the  "language  level"  equation  under  certain 
assumptions.  Previously  reported  studied  shows  that  the  equation  yields 
numbers  that  rank  languages  such  as  PL/1,  Algol,  FOR  1’HAN,  and  assembly 
language  in  ttic  desired  order.  However,  the  numbers  reported  were  based  on 
hand-analysis  of  small  sets  of  programs.  The  development  of  automatic 
analyzers  enabled  us  to  analyze  hundreds  of  programs  written  in  COBOL  FOR¬ 
TRAN,  Pascal,  PL/S,  and  assembly  language.  The  language  level  based  on 
Software  Science  theory  does  nut  remain  constant.  It  appears  to  have  a  strong 
dependency  on  program  length.  The  results  of  our  analysis  are  reported  in  ?J. 

3.  List  of  Publications 

i  1  |  Shell,  V,  Y.  and  Dunsmore,  II.  JL,  "A  Software  Science  Analysis  of  COBOL  Pro¬ 
grams",  CSD-TR-3ZU,  Purdue  University,  August  1000.  Submitted  to  IKKK 
Trans.  Software  Knyinc  tiring . 

[2\  Otnes,  W.,  "Quantitative  Analysis  of  Software  Projects",  Tech,  Rep.  No. 
ib/UO,  The  University  of  Trondheim,  The  Norwegian  Institute  of  Technology, 

Dee.  1 030. 

kf)j  Woudfield,  S.  N.,  Knluuwcd  Kjftrrl.  Kslhnali.on  by  Kr.lt:  ndiny  Basic  I*ragram- 
viiny  Models  la  Include  Modularity  Tartars,  Ph  1),  Thesis,  Computer  Sci¬ 
ence:;  Department,  Purdue  University,  December  1930. 


4]  Woodficld,  S.  N.,  Dunsmore,  II.  I!.,  and  Shcn,  V.  Y.,  "The  Effect  of  Modulariza¬ 
tion  and  Comments  on  Program  Comprehension",  I*roc.  5th  Jnt.  Conf.  on 
Soft-wari-,  engineering,  pp.  215-223,  March  IQdl. 

b)  Vioodfieln,  S.  N.,  Shell,  V.  Y.,  and  Dunsmore  11.  M.,  "A  Study  of  Several 
Yet  ties  for  Programmin';  1  h  fori",  Proc.  1st  ACM  Symposium  on  So  ft  war  a 
r.'ntji  nun  ring,  Pin;;ree,  Colorado,  June  "981.  To  appear  in  J.  Systems  and 
Software. 

H  [  Woodficld.  S.  N.,  Shcn,  V'.  V..  and  Dunsmore,  11.  IT,  "A  Module  Interconnection 
Complexity  Measure",  .submitted  to  IKKK  Trans.  Software  engineering. 

V'J  Conte,  S.  D.,  "Investigation  of  Language  Level  in  Software  Science",  Prelim¬ 
inary  Deport,  Computer  Sciences  Department,  Purdue  University,  October 


